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What is claimed is: 

1. A power-rail ESD protection circuit with a dual trigger design, which is coupled be- 
tween a first power line and a second power line connected to an IC device for protecting the 
IC device against ESD on the first power line and the second power line; 

the power-rail ESD protection circuit comprising: 

a control circuit, which is coupled between the first power line and the second power 
line, and which is capable of, in the event of ESD in the first power line and the second power 
line, being triggered by the ESD to output a substrate-triggering voltage and a gate-driving 
voltage; and 

a MOS device, whose source and drain are respectively connected to the first power 
line and the second power line, whose substrate is coupled to receive the substrate-triggering 
voltage, and whose gate is coupled to receive the gate-driving voltage, for bypassing ESD 
current from the first power line and the second power line. 

2. The power-rail ESD protection circuit of claim 1, wherein the MOS device is an 
NMOS device. 

3. The power-rail ESD protection circuit of claim 2, wherein the control circuit includes 
N serially-cascaded diodes, wherein the positive end of the first diode is connected to the first 
power line and the negative end of the last diode is connected to the second power line, and 
wherein the positive end of the 04)th diode is connected to the substrate of the NMOS device, 
and the positive end of the (5)th diode is connected to the gate of the NMOS device, where A 
and B are predetermined to allow the positive end of the (A)th diode to supply the substrate- 
triggering voltage and the positive end of the (B)th diode to supply the gate-driving voltage; 



7948USF.RTF 

and wherein in the event of ESD in the first power line and the second power line, and the 
substrate-triggering voltage applied to the substrate of the NMOS device is greater than the 
gate-driving voltage applied to the gate of the NMOS device. 

4. The power-rail ESD protection circuit of claim 3, wherein the N serially-cascaded 
diodes are implemented by TV NMOS devices, each NMOS device having its drain and gate 
tied together and its source and substrate tied together. 

5. The power-rail ESD protection circuit of claim 2, wherein the control circuit includes: 
a resistor having a first end and a second end, wherein the first end is connected to the 

first power line; 

a capacitor having a first end and a second end, wherein the first end is connected to 
the second end of the resistor, while the second end is connected to the second power line; 
and 

an inverter having a first power port connected to the first power line, a second power 
port connected to the second power line, an input port connected to the second end of the 
resistor, and an output port connected to both the gate and the substrate of the NMOS device; 

wherein in the event of ESD in the first power line and the second power line, the 
substrate-triggering voltage applied to the substrate of the NMOS device is equal to the 
gate-driving voltage applied to the gate of the NMOS device. 

6. The power-rail ESD protection circuit of claim 2, wherein the control circuit includes 
N serially-cascaded diodes, wherein the positive end of the first diode is connected to the first 
power line and the negative end of the last diode is connected to the second power line, and 
wherein the positive end of the (^4)th diode is connected to the substrate of the NMOS device, 
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and the positive end of the (Z?)th diode is connected to the gate of the NMOS device, where A 
and B are predetermined to allow the positive end of the (A)th diode to supply the substrate- 
triggering voltage and the positive end of the (B)th diode to supply the gate-driving voltage, 
and the substrate-triggering voltage applied to the substrate of the NMOS device is smaller 
5 than the gate-driving voltage applied to the gate of the NMOS device. 

7. The power-rail ESD protection circuit of claim 6, wherein the N serially-cascaded 

f=* diodes are implemented by N NMOS devices, each NMOS device having its drain and gate 

O 

hf tied together and its source and substrate tied together. The ./V serially-cascaded diodes are 
p implemented by N PMOS devices, each PMOS device having its drain and gate tied together 
MO and its source and substrate tied together. 

O 8. The power-rail ESD protection circuit of claim 1 , wherein the MOS device is a PMOS 
device. 

r: 9. The power-rail ESD protection circuit of claim 8, wherein the control circuit includes: 
a resistor having a first end and a second end, wherein the first end is connected to the 
1 5 first power line; 

a capacitor having a first end and a second end, wherein the first end is connected to 
the second end of the resistor, while the second end is connected to the second power line; 

a first inverter having a first power port, a second power port, an input port, and an 
output port; wherein the first power port is connected to the first power line, the second power 
20 port is connected to the second power line, and the input port is connected to the second end 
of the resistor; 
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a second inverter having a first power port, a second power port, an input port, and an 
output port; wherein the first power port is connected to the first power line, the input port is 
connected to the output port of the first inverter, and the output port is connected to the sub- 
strate of the PMOS device; and 

a plurality of serially-cascaded diodes, wherein the first diode has its positive end 
connected to the second power line of the second inverter, and the last diode has its negative 
end connected to the second power line, and wherein one of the diodes has its positive end 
connected to the gate of the PMOS device; 

wherein In the event of ESD in the first power line and the second power line, the 
substrate-triggering voltage applied to the substrate of the PMOS device is greater than the 
gate-driving voltage applied to the gate of the PMOS device. 

1 0. The power-rail ESD protection circuit of claim 8, wherein the control circuit includes: 
a resistor having a first end and a second end, wherein the first end is connected to the 
first power line; 

a capacitor having a first end and a second end, wherein the first end is connected to 
the second end of the resistor, while the second end is connected to the second power line; 

a first inverter having a first power port, a second power port, an input port, and an 
output port; wherein the first power port is connected to the first power line, the second power 
port is connected to the second power line, and the input port is connected to the second end 
of the resistor; and 

a second inverter having a first power port, a second power port, an input port, and an 
output port; wherein the first power port is connected to the first power line, the second power 
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port is connected to the second power line, the input port is connected to the output port of the 
first inverter, and the output port is connected to both the substrate and the gate of the PMOS 
device; 

wherein In the event of ESD in the first power line and the second power line, the 
5 substrate-triggering voltage applied to the substrate of the PMOS device is equal to the 
gate-driving voltage applied to the gate of the PMOS device. 

1 1 . The power-rail ESD protection circuit of claim 8, wherein the control circuit includes 
Q N serially-cascaded diodes, wherein the positive end of the first diode is connected to the first 
Ul power line and the negative end of the last diode is connected to the second power line, 

rf 1 0 wherein the positive end of the (A)th diode is connected to the substrate of the PMOS device, 

ffi 

and the positive end of the (-B)th diode is connected to the gate of the PMOS, where A and B 

a 

M= are predetermined to allow the positive end of the (A)th diode to supply the substrate- 
Ul triggering voltage and the positive end of the (5)th diode to supply the gate-driving voltage; 
m and wherein in the event of ESD in the first power line and the second power line, and the 
1 5 substrate-triggering voltage applied to the substrate of the PMOS device is smaller than the 
gate-driving voltage applied to the gate of the PMOS device. 

12. The power-rail ESD protection circuit of claim 11, wherein the N serially-cascaded 
diodes are implemented by N NMOS devices, each NMOS device having its drain and gate 
tied together and its source and substrate tied together. 

20 13. A power-rail electrostatic discharge protection circuit with a dual trigger design, whi- 
ch is coupled between a first power line and a second power line connected to an IC device 
for protecting the IC device against ESD on the first power line and the second power line; 
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the power-rail ESD protection circuit comprising: 

a control circuit, which is coupled between the first power line and the second power 
line, and which is capable of, in the event of ESD in the first power line and the second power 
line, being triggered by the ESD to output a substrate-triggering voltage and a gate-driving 
5 voltage; 

an NMOS device, whose source and drain are respectively connected to the first pow- 
er line and the second power line, whose substrate and gate are connected together to receive 
O the substrate-triggering voltage from the control circuit; 

5fj a PMOS device, whose source and drain are respectively connected to the first power 

fT 1 0 line and the second power line, whose substrate and gate are connected together to receive the 

m 

~~ substrate-triggering voltage from the control circuit; 

O 

H 14. The power-rail ESD protection circuit of claim 13, wherein the control circuit in- 

W eludes: 

O 

y a resistor having a first end and a second end, wherein the first end is connected to the 

1 5 first power line; 

a capacitor having a first end and a second end, wherein the first end is connected to 
the second end of the resistor, while the second end is connected to the second power line; 

a first inverter having a first power port, a second power port, an input port, and an 
output port; wherein the first power port is connected to the first power line, the second power 
20 port is connected to the second power line, the input port is connected to the second end of the 
resistor, and the output port is connected to both the substrate and gate of the NMOS device; 
and 
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a second inverter having a first power port, a second power port, an input port, and an 
output port; wherein the first power port is connected to the first power line, the second power 
port is connected to the second power line, the input port is connected to the output port of the 
first inverter, and the output port is connected to both the substrate and the gate of the PMOS 
device; 

wherein in the event of ESD in the first power line and the second power line, the 
substrate-triggering voltage applied to the substrate of the NMOS device is equal to the 
gate-driving voltage applied to the gate of the NMOS device, and the substrate-triggering 
voltage applied to the substrate of the PMOS device is equal to the gate-driving voltage ap- 
plied to the gate of the PMOS device. 
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